Backgrounds and aims: Controversy still exists as to whether gastrointestinal colonisation by Candida albicans contributes to aggravation of atopic dermatitis. We hypothesised that Candida colonisation promotes food allergy, which is known to contribute to a pathogenic response in atopic dermatitis. We tested this using a recently established murine Candida colonisation model. Methods: Candida colonisation in the gastrointestinal tract was established by intragastric inoculation with C albicans in mice fed a synthetic diet. To investigate sensitisation against food antigen, mice were intragastrically administered with ovalbumin every other day for nine weeks, and antiovalbumin antibody titres were measured weekly. To examine gastrointestinal permeation of food antigen, plasma concentrations of ovalbumin were measured following intragastric administration of ovalbumin. Results: Ovalbumin specific IgG and IgE titres were higher in BALB/c mice with Candida colonisation than in normal mice. Gastrointestinal permeation of ovalbumin was enhanced by colonisation in BALB/c mice. Histological examination showed that colonisation promoted infiltration and degranulation of mast cells. Candida colonisation did not enhance ovalbumin permeation in mast cell deficient W/W v mice but did in congenic littermate control +/+ mice. Reconstitution of mast cells in W/W v mice by transplantation of bone marrow derived mast cells restored the ability to increase ovalbumin permeation in response to Candida colonisation. Conclusions: These results suggest that gastrointestinal Candida colonisation promotes sensitisation against food antigens, at least partly due to mast cell mediated hyperpermeability in the gastrointestinal mucosa of mice.
Backgrounds and aims: Controversy still exists as to whether gastrointestinal colonisation by Candida albicans contributes to aggravation of atopic dermatitis. We hypothesised that Candida colonisation promotes food allergy, which is known to contribute to a pathogenic response in atopic dermatitis. We tested this using a recently established murine Candida colonisation model. Methods: Candida colonisation in the gastrointestinal tract was established by intragastric inoculation with C albicans in mice fed a synthetic diet. To investigate sensitisation against food antigen, mice were intragastrically administered with ovalbumin every other day for nine weeks, and antiovalbumin antibody titres were measured weekly. To examine gastrointestinal permeation of food antigen, plasma concentrations of ovalbumin were measured following intragastric administration of ovalbumin. Results: Ovalbumin specific IgG and IgE titres were higher in BALB/c mice with Candida colonisation than in normal mice. Gastrointestinal permeation of ovalbumin was enhanced by colonisation in BALB/c mice. Histological examination showed that colonisation promoted infiltration and degranulation of mast cells. Candida colonisation did not enhance ovalbumin permeation in mast cell deficient W/W v mice but did in congenic littermate control +/+ mice. Reconstitution of mast cells in W/W v mice by transplantation of bone marrow derived mast cells restored the ability to increase ovalbumin permeation in response to Candida colonisation. Conclusions: These results suggest that gastrointestinal Candida colonisation promotes sensitisation against food antigens, at least partly due to mast cell mediated hyperpermeability in the gastrointestinal mucosa of mice. C andida albicans is part of the indigenous microbial flora of the human gastrointestinal tract. In healthy individuals, populations of this fungus pose no threat to the host. However, in hosts receiving antibiotic treatment, 1 immunocompromised states, [2] [3] [4] and occasionally in apparently healthy persons, 5 elevated populations can pose a significant risk. 5 In addition, it has been hypothesised that excessive colonisation by C albicans in the gastrointestinal tract may constitute aggravating factors in atopic dermatitis (AD), but this remains controversial. 4 6 7 AD is a chronic, relapsing, highly pruritic inflammatory skin disease with multifactorial causes, such as susceptibility genes, conditions within the host environment, and immunological factors. 8 To date, laboratory and clinical investigations have demonstrated that IgE mediated food allergy plays a pathogenic role in a subset of patients with AD. [9] [10] [11] Some reports have shown increased gastrointestinal permeability in AD patients. [12] [13] [14] Hyperpermeability of the gastrointestinal mucosal barrier results in enhanced transport of intact and degraded antigens across the gastrointestinal mucosal barrier, which could favour food protein sensitisation and food allergy in susceptible individuals. 15 We therefore hypothesised that gastrointestinal colonisation by C albicans may be involved in aggravation of AD by affecting the mucosal barrier in a manner that results in increased permeation of food allergens and subsequent manifestation of a food allergy.
Most models of gastrointestinal colonisation by C albicans have used oral inoculation of C albicans in adult mice treated with antibiotics and immunosuppressive agents, [16] [17] [18] [19] [20] [21] or in infant mice. 22 23 These treatment regimens have been necessary because competitive indigenous bacterial flora and the immune system prevent colonisation by C albicans. 17 19 24 However, given that C albicans is indigenous to the gastrointestinal tract of healthy humans, such methods of administration, particularly the immunosuppressive route, should be avoided so that an animal model that is typical of gastrointestinal colonisation by C albicans can be developed and the relationship between gastrointestinal Candida colonisation and allergic responses can be studied further. We recently reported a model of sustained gastrointestinal Candida colonisation by a single intragastric inoculation of C albicans in healthy adult mice without administration of antibiotics or immunosuppresants. 25 This was achieved by feeding mice a synthetic diet that resulted in reduced numbers of lactobacilli in the stomach. While animals show a good healthy appearance in this model, high faecal recovery of C albicans is still observed at least 18 months after the single inoculation (unpublished data), suggesting asymptomatic Candida colonisation in the gastrointestinal tract. Therefore, using this model it was possible to investigate the role of gastrointestinal colonisation by C albicans in the sensitisation against food allergens.
To test our hypothesis, we initially determined whether sensitisation against food antigens was promoted in mice with gastrointestinal tracts that had been chronically colonised by C albicans. We then assessed the effect of gastrointestinal Candida colonisation on permeation of food antigens. Finally, because the barrier and transport properties of the gastrointestinal epithelium are actively regulated by Abbreviations: AD, atopic dermatitis; BMMC, bone marrow derived mast cells; BSA, bovine serum albumin; HRP, horseradish peroxidase; OVA, ovalbumin; PAS, periodic acid-Schiff; PBS, phosphate buffered saline; TLR, toll-like receptor; TNF, tumour necrosis factor mast cells which are activated in response to various pathogen associated stimuli, 26 27 we investigated whether mast cells were involved in the permeation of food antigens in mice with gastrointestinal Candida colonisation.
MATERIALS AND METHODS

Animals
Specific pathogen free female five week old mice were used in all experiments. BALB/c mice were purchased from Charles River Japan (Yokohama, Japan). Mast cell deficient mice (WBB6F1-W/W v ) and congenic littermate control mice (WBB6F1-+/+) were purchased from Japan SLC (Hamamatsu, Japan). All mice were housed in a temperature controlled (23¡2˚C) room with a dark period from 20:00 to 08:00 and allowed free access to water and a purified diet prepared according to AIN-93G. 28 The study was approved by the Hokkaido University Animal Use Committee, and animals were maintained in accordance with the guidelines for the care and use of laboratory animals of Hokkaido University.
Inoculation and enumeration of C albicans C albicans (JCM 1542) was obtained from Japan Collection of Microorganisms of the Institute of Physical and Chemical Research (Saitama, Japan) and maintained as previously described. 25 For inoculation, all mice were acclimatised to the purified diet for two weeks before being deprived of the diet for 16 hours. Mice were then inoculated intragastrically with 0.2 ml of saline containing 1610 8 cells of C albicans. Control mice were intragastrically administered 0.2 ml of the vehicle. Faecal specimens and tissue homogenates were quantitatively cultured using a standard pour plate technique, as previously described. 25 Oral immunisation experiment At three weeks after inoculation, oral immunisation with ovalbumin (OVA) was started in BALB/c mice. Phosphate buffered saline (PBS 0.2 ml) containing 0.1 mg of OVA (grade V; Sigma, Missouri, USA) was intragastrically administered every other day for nine weeks. Blood samples were obtained from the tail vein at weekly intervals and subjected to ELISA for measurement of OVA specific antibody titres, as described below. In addition, every week, faecal specimens were analysed for number of C albicans organisms, as described above. On the last day of the experiment, mice were anaesthetised with diethyl ether and sacrificed by exsanguination from the carotid artery. Following laparotomy, the stomach, jejunum, ileum, and colon were excised, homogenised in PBS, and the number of C albicans organisms were counted, as described above.
Gastrointestinal permeation experiment
Gastrointestinal permeability was determined in vivo by measuring the appearance in blood of horseradish peroxidase (HRP) and OVA, administered by gavage according to Wang and colleagues 29 and Saitoh and colleagues, 30 respectively, with some modifications.
At four to five weeks after inoculation, mice were deprived of the diet for 12 hours, after which 0.6 ml of PBS containing 0.6 mg of HRP (Sigma) or 0.2 ml of PBS containing 2 mg of OVA were intragastrically administered. Blood samples were then collected from the tail vein at 0, 30, 60, and 120 minutes after administration, and plasma HRP and OVA concentrations were measured by ELISA, as described below. Thereafter, mice were anaesthetised with diethyl ether and sacrificed by exsanguination from the carotid artery. Following laparotomy, the stomach was excised, opened along the greater curvature, washed with ice cold saline, and embedded in OCT compound (Sakura Finetechnical, Tokyo, Japan) for histological examination.
ELISA
For determination of OVA specific IgG titre in the sera of mice, 96 well microtitre plates (Corning, New York, USA) were coated overnight at 4˚C with 200 mg/ml OVA in 50 mmol/l carbonate buffer, pH 9.6. Plates were blocked with PBS containing 1% bovine serum albumin (BSA, fraction V; Serologicals Proteins, Illinois, USA) (PBS-B) at 37˚C for one hour. Test sera serially diluted with PBS containing 0.2% BSA and 0.02% Tween 20 (PBS-BT) were then added and incubated at 37˚C for two hours. After incubation, HRP conjugated goat antimouse IgG (Zymed, California, USA), diluted 1:2000 in PBS-BT, was added and incubated at 37˚C for one hour. Wells were washed five times with PBS containing 0.02% Tween 20 (PBS-T) between each step. Plates were developed at room temperature after addition of o-phenylendiamine (0.4 mg/ml) and hydrogen peroxide (0.012%) in 7 mmol/l citrate buffer, pH 5.0. Finally, 1 mol/l H 2 SO 4 was added, and absorbance was measured at 490 nm with a microplate reader (model 550; Bio-Rad, California, USA). Preimmunised serum was used as a negative control. The average extinction in negative control wells, to which three times the standard deviation was added, provided the reference for determination of the titre in the test sera. Antibody titres were expressed as the reciprocal of the last dilution yielding an extinction value higher than the reference value.
For determination of the OVA specific IgE titre, 96 well microtitre plates were coated overnight at 4˚C with 10 mg/ml antimouse IgE monoclonal antibody (LO-ME-2; Zymed) in 50 mmol/l carbonate buffer, pH 9.6. Plates were blocked with PBS-B at 37˚C for one hour. Test sera serially diluted with PBS-BT were then added and incubated overnight at 4˚C. After incubation, 20 ng/ml OVA-DIG conjugate in PBS-BT was added and incubated at 37˚C for one hour. Coupling of DIG to OVA was performed using a DIG protein labelling kit (Roche Diagnostics, Tokyo, Japan) according to the manufacturer's instructions. HRP conjugated sheep anti-DIG Fab fragments (Roche Diagnostics), diluted 1:4000 in PBS-BT, was then added and incubated at 37˚C for one hour. Wells were washed five times with PBS-T between each step. Plates were developed at room temperature after addition of 3,39,5,59-tetramethylbenzidine (0.123 mg/ml; Sigma) and hydrogen peroxide (0.012%) in 2 mol/l citrate buffer, pH 5.0. Finally, 1 mol/l H 2 SO 4 was added, and absorbance was measured at 450 nm with a microplate reader. Antibody titres were determined as described above.
To measure plasma HRP concentrations, 96 well microtitre plates were coated with goat anti-HRP antibody (Sigma) for two hours at 37˚C. All subsequent steps were performed at 37˚C with extensive washing between steps. Plates were blocked with 1% BSA for two hours. Diluted plasma samples in PBS-BT were added to the wells and incubated for two hours. Plate development and measurement were as described for the OVA specific IgE.
Plasma OVA concentration was measured by sandwich ELISA using anti-OVA IgG (Chemicon, California, USA) and HRP conjugated rabbit anti-OVA IgG (Rockland, Pennsylvania, USA) for capture and detection antibodies, respectively, as described previously. 30 
Histology
Cryostat sections (5 mm) of stomach were prepared and stained with haematoxylin and periodic acid-Schiff (PAS) reaction for detection of C albicans or with toluidine blue for identification of mast cells. The number of mast cells in the stomach was counted using a high power field in a section from each specimen. According to Nakajima and colleagues, 31 with some modifications, the number of mast cells in the gastric mucosa was counted in a high power field measuring 0.65 mm 2 using a light microscope equipped with a 106 objective and a 106 eyepiece containing a reticule (Olympus, Tokyo, Japan). The counting areas included stratified squamous epithelium, lamina muscularis mucosa, and submucosal layer in the forestomach, and gastric pits and fundic glands in the glandular stomach. The cell with stained material dispersed diffusely was taken as evidence of degranulated mast cell. All mast cell counts were performed by a single observer.
Reconstitution of mast cells in W/W v mice Mast cell deficient W/W v mice were reconstituted with in vitro bone marrow derived mast cells (BMMC) from congenic control +/+ mice according to Kung and colleagues. 32 Bone marrow from femurs was flushed out and seeded in RPMI1640 medium (GIBCO-BRL, Tokyo, Japan) supplemented with 10 ng/ml recombinant murine interleukin 3 (PeproTech EC, London, UK), 10% heat inactivated fetal calf serum (Biological Industries, Kibbutz Beit Haemek, Israel), 100 U/ml penicillin, 100 mg/ml streptomycin, and 50 mg/ml gentamycin, at a concentration of 5610 5 nucleated cells/ml, and cultured at 37˚C in a humidified atmosphere containing 5% CO 2 . Culture medium was replaced every seven days. After five weeks of culture, cells were harvested and suspended in PBS. Staining of cells with toluidine blue indicated that nearly 99% of viable cells were mast cells. A total of 1610 7 BMMC were injected intravenously into each W/W v mouse through the tail vein. Five weeks later, the reconstituted mice were inoculated with C albicans, as described above, and then subjected to gastrointestinal permeation experiments. 
Statistics
Results are presented as means (SEM 
RESULTS
Sensitisation against orally administered OVA in BALB/c mice with gastrointestinal Candida colonisation To study the effect of chronic colonisation of C albicans in the gastrointestinal tract on sensitisation against orally administered antigen, BALB/c mice were intragastrically inoculated with C albicans. By weekly counting of faecal specimens after inoculation, a high faecal recovery of C albicans was observed in all mice throughout the experimental period ( fig 1A) . Additionally, counting of organisms in gastrointestinal tissues by quantitative culture after euthanasia of animals revealed that colonisation occurred in the stomach, jejunum, ileum, and colon in all mice (5.5 (0.2), 1.8 (0.1), 2.3 (0.1), and 3.3 (0.0) log 10 CFU/g tissue, respectively). No organism was detected in faeces or tissues of control mice without inoculation of C albicans. These data suggest that chronic colonisation of C albicans was established in the gastrointestinal tract of mice after single inoculation of C albicans. Figure 1B and 1C show the time course of changes in the titre of serum antibodies against intragastrically administered OVA. In mice with gastrointestinal Candida colonisation, the anti-OVA IgG titre began increasing at three weeks after starting administration of OVA and stabilised at six weeks ( fig 1B) . The anti-OVA IgG titre tended to be higher in mice with Candida colonisation than in control mice without Candida colonisation throughout the experimental period, and there was significant difference between the two groups at 4, 5, and 7 weeks after starting OVA administration. Anti-OVA IgE titre began increasing at five weeks after initiating OVA administration ( fig 1C) . As with the IgG titre, the anti-OVA IgE titre tended to be higher in mice with Candida colonisation than in control mice, with a significant difference apparent between the groups nine weeks after initial OVA administration.
Permeation of orally administered proteins in BALB/c mice with gastrointestinal Candida colonisation
We examined gastrointestinal permeation of HRP in BALB/c mice with gastrointestinal Candida colonisation, because it is simple to detect this macromolecule by ELISA. On the day of the permeation experiment, we confirmed high faecal recovery of C albicans (6.8 (0.2) log 10 CFU/g faeces) in all mice inoculated with C albicans. Figure 2A shows the time course of changes in plasma HRP concentrations in BALB/c mice after intragastric administration of this molecule. In control mice without Candida colonisation, no significant increase in plasma HRP concentrations was observed after administration. Conversely, plasma HRP concentrations in mice with gastrointestinal Candida colonisation increased significantly, peaking at 30 minutes and remaining high for 60 minutes after administration. HRP concentrations were significantly higher in mice with Candida colonisation than control mice at 30 and 60 minutes. We next examined permeation of a food antigen, OVA. As shown in fig 2B, compared with control mice, plasma OVA concentrations in mice with gastrointestinal Candida colonisation increased significantly 30 minutes after administration.
Mast cell degranulation in gastrointestinal mucosa of BALB/c mice with gastrointestinal Candida colonisation On histochemical examination of gastric mucosa in BALB/c mice killed on the day of the permeation experiment, PAS staining revealed colonisation of C albicans on the surface of the forestomach in all mice inoculated with C albicans (data not shown). Toluidine blue staining showed that a number of mast cells were infiltrated in both the forestomach and glandular stomach in Candida inoculated mice, and that degranulation was evident in the majority of cells. Quantitative examination of mast cells in histological sections of stomach in BALB/c mice is shown in fig 3. In the forestomach, numbers of granulated cells were the same in mice with Candida colonisation and control mice, whereas numbers of degranulated and total cells (that is, granulated plus degranulated) were significantly higher in mice with Candida colonisation than in control mice. In the glandular stomach, numbers of both granulated and degranulated cells were higher in mice with Candida colonisation than in control mice.
Permeation of orally administered OVA in mast cell deficient mice with gastrointestinal Candida colonisation To elucidate the involvement of mast cells in increased permeation of OVA in mice with gastrointestinal Candida colonisation, we examined OVA permeation in mast cell deficient W/W v mice. As shown in fig 4A, W/W v mice with gastrointestinal Candida colonisation showed no significant increase in plasma OVA concentrations after administration, and levels were comparable with those in mice without Candida colonisation for the duration of the experimental period. Conversely, plasma OVA concentrations increased significantly in congenic littermate control +/+ mice with gastrointestinal Candida colonisation. Concentrations peaked at 30 minutes after administration and were significantly higher in mice with Candida colonisation than in those without Candida colonisation ( fig 4B) . Quantitative culture of C albicans isolated from pooled faeces for each Candida inoculated group showed that the number of organisms was higher in W/W v mice (6.5 log 10 CFU/g faeces) than in +/+ mice (5.5 log 10 CFU/g faeces). No organism was detected in the faeces of control mice without inoculation of C albicans. These results indicate that the increase in OVA permeation by gastrointestinal Candida colonisation requires mast cells.
To . In addition, quantitative culture of C albicans isolated from pooled faeces for each group on the day of the permeation experiment showed that the number of organisms was higher in W/W v mice and BMMC transplanted W/W v mice (7.0 and 6.8 log 10 CFU/g faeces, respectively) than in +/+ mice (5.8 log 10 CFU/g faeces).
DISCUSSION
The present study showed that gastrointestinal colonisation with C albicans stimulated increased serum IgG and IgE specific to intragastrically administered OVA in BALB/c mice (fig 1) , indicating therefore that gastrointestinal Candida colonisation promotes sensitisation against food antigen. Theoretically, increased permeation of food antigens in the gastrointestinal tract would elicit such immunological responses as sensitisation. Indeed, intestinal inflammation, associated with increased gut permeability, led to enhancement of sensitisation to ingested milk proteins in guinea pigs. 33 In healthy humans, macromolecules such as food antigens would be excluded by the gastrointestinal mucosal barrier to prevent food allergy. However, in individuals with impaired gastrointestinal mucosal barriers, the likelihood of permeation of food antigens in an intact form would be increased. This is an important prerequisite for the development of a food allergy and may explain the prevalence of food allergy in infants and children with immature gastrointestinal mucosal barriers. In the present study, plasma concentrations of intragastrically administered proteins (that is, HRP and OVA) were significantly increased in BALB/c mice with gastrointestinal Candida colonisation (fig 2) . This suggests that gastrointestinal Candida colonisation impairs the gastrointestinal mucosal barrier, which in turn enhances permeation of food antigens. Consequently, gastrointestinal colonisation by C albicans is likely to promote sensitisation against food antigens, at least in part, by affecting the gastrointestinal mucosal barrier and to increase the risk of food allergy.
We investigated the mechanism by which gastrointestinal Candida colonisation facilitates permeation of food antigens through the mucosal barrier of the gastrointestinal tract. Mast cells have been reported to be involved in the regulation of the barrier and transport properties of gastrointestinal epithelium via mediators such as rat mast cell protease II, 34 tumour necrosis factor (TNF)-a, 35 and interleukin 4. 36 37 In the present study, mice with gastrointestinal Candida colonisation showed an increased number of degranulated mast cells in both the forestomach and glandular stomach (fig 3) . Under these conditions, mast cells should secrete mediators to increase the permeability of the gastric epithelium. In fact, despite gastric colonisation with C albicans, mast cell deficient W/W v mice showed no overt increase in the permeation of OVA (fig 4) . In addition, reconstitution of mast cells in W/W v mice with gastrointestinal Candida colonisation enhanced OVA permeation whose levels were comparable with those in +/+ mice with Candida colonisation. The present results therefore suggest that mast cells mediate an increase in the permeation of food antigens in C albicans colonised gastrointestinal tracts. McDermott et al reported that mast cells play a critical role in increased intestinal permeability during enteric nematode infection via release of mouse mast cell protease 1 and degradation of tight junction proteins. 38 This may also be the mechanism by which permeation of food antigens in C albicans colonised gastrointestinal tract is increased.
It remains unclear how C albicans colonisation stimulates mast cells. Nosal et al reported that cell wall glycoproteins from C albicans induce the release of histamine in isolated rat mast cells. 39 In addition, Jouault et al showed that phospholipomannan in C albicans stimulated TNF-a production by the mouse macrophage-like cell line J774 via toll-like receptor 2 (TLR2). 40 Because mast cells reportedly recognise pathogenic products via TLR2, 41 a ligand for TLR2 such as phospholipomannan in C albicans may elicit TNF-a release from mast cells. We also observed that the water exudate of C albicans induces degranulation of rat basophilic leukaemia cells RBL-2H3 in a concentration dependent fashion, suggesting degranulation of mast cells by some water soluble constituents of C albicans (unpublished data). Alternatively, anti-C albicans antibody may stimulate mast cells. We previously observed that the titre of serum IgG1 specific to C albicans increases in BALB/c mice chronically colonised with C albicans. 25 Similarly, increased anti-C albicans IgG1 levels in the sera of mice were observed on the day of the gastrointestinal permeation experiment in the present study (data not shown). Although IgE antibodies which bind to high affinity FceRI receptors on mast cells play a central role in mediating type I allergic responses, non-IgE antibodies such as IgG1 could also mediate allergic responses via FccRI receptors on mast cells. 42 Therefore, it seems possible that the Candida antigen-IgG1 complex stimulates mast cells via FccRI receptors, which in turn enhances gastrointestinal permeability.
The present study did not elucidate the precise site at which permeation of OVA occurred in mice with gastrointestinal Candida colonisation. Although the small intestine is usually considered the primary site of uptake of food antigens, 43 previous reports suggest that the stomach is a site of uptake of food antigens under some physiological conditions. Hatz et al reported that antigen challenge in rats sensitised with dinitrophenol induces degranulation of mast cells and results in increased permeation of a bystander macromolecule OVA in the stomach. 44 In addition, gastric Helicobacter infection has been reported to increase gastric permeability to macromolecules. 45 Therefore, it is believed that OVA permeation in mice with gastrointestinal Candida colonisation occurred in the stomach where a marked increase in the number of mast cells was observed. Further studies will be required to determine the contribution of the intestines.
Some reports suggest a positive association between Helicobacter pylori infection and the development of food allergy 46 47 and AD. 48 Matysiak-Budnik et al reported that H pylori increases absorption of antigens across the gastric mucosa in mice. 45 The authors also reported that Helicobacter infection inhibits the development of oral tolerance by preventing anti-OVA IgE suppression, normally induced after OVA feeding. 49 Oral tolerance is characterised by induction of a state of systemic immune non-responsiveness towards antigens present in the gastrointestinal tract. [50] [51] [52] This mechanism presumably prevents the development of food allergy. However, gastrointestinal pathogens, including H pylori and C albicans and/or their products, may disturb oral tolerance induction by affecting the gastrointestinal mucosal barrier and/or by their adjuvant action. 49 We are currently examining whether gastrointestinal Candida colonisation influences induction of oral tolerance in the mouse model.
One may suspect that the bacterial flora in the gastrointestinal tract of Candida colonised mice may be involved in gut permeability and antibody responses to oral antigens. In our preliminary experiments using this Candida colonisation model, however, denaturing gradient gel electrophoresis of 16S rDNA amplicons showed that the bacterial composition of the stomach and faecal specimens was the same in mice with and without Candida colonisation (unpublished data). Therefore, the possibility described above could be ruled out.
In conclusion, we propose that gastrointestinal Candida colonisation promotes sensitisation against food antigens, at least partly due to mast cell mediated hyperpermeability in the gastrointestinal mucosa of mice. In contrast with this murine model however, it is not true to say that C albicans colonises the gastrointestinal tract of a healthy human. C albicans colonises the posterior dorsum of the tongue of 40-60% of healthy humans. Yeast cells dislodge from the tongue, are swallowed, and survive transit through the gastrointestinal tract, being detectable by culture of faeces. In addition, the stomach of humans lacks a non-secretory epithelium which is the major site of Candida colonisation in the mouse forestomach. Thus it remains unclear whether the transient yeast cells in the human gut increase the permeability of the intestinal epithelium and/or affect oral immune tolerance in healthy humans. Further studies are required to prove this.
